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(57) ABSTRACT

Disclosed 1s a mobile robot charge station return system,
which may return a mobile robot to a charge station exactly
and rapidly according to a charge station position guidance
signal emitted from the charge station. The mobile robot
charge station return system includes a charge station for
transmitting charge station position guidance signals to dif-
ferent areas in such a way that different emitting distances of
the charge station position guidance signals change according
to a predetermined time period; and a mobile robot for recerv-
ing the charge station position guidance signals, calculating
direction and distance information, and returning to the
charge station according to the calculated direction and dis-
tance information.
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MOBILE ROBOT CHARGE STATION
RETURN SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims benefit under 35 U.S.C. §119 from

Korean Patent Application No. 2005-0101793, filed on Oct.
2’7, 2005, the entire content of which 1s incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a mobile robot, and more
particularly, to a mobile robot charge station return system,
which may return a mobile robot to a charge station exactly
and rapidly according to a charge station position guidance
signal emitted from the charge station.

2. Description of the Related Art

Robots have been developed for industrial purposes, which
have been used for factory automatization, or for gathering or
collecting information in a limited environment 1 which
persons 1s unbearable, 1n stead of persons. Recently, such a
robot-engineering field has been increasingly developed
through the use 1n the most up-to-date space development
industry, which results 1n development of a human-iriendly
home robot. The representative example of such a human-
friendly home robot 1s a cleaning robot.

A cleaning robot, which belongs to a mobile robot, 1s an
apparatus inhaling dust or foreign substance while traveling a
certain cleaning area such as a house and an office. Such a
cleaning robot includes travel means having right and leit
wheel motors for moving the corresponding cleaning robot, a
plurality of sensors for detecting obstacles so that 1t can move
without collision with various obstacles within a cleaning
area, a controller for generally controlling the cleaning robot,
etc., 1 addition to elements of a general vacuum cleaner
inhaling dust or foreign substance.

On the other hand, a mobile robot has an automatic charge
function because 1t carries out 1ts own duties while moving a
predetermined area. That 1s, the mobile robot automatically
returns to a chare station installed 1n a predetermined position
within the area and charges 1ts own battery when 1t checks the
battery level by itself and the battery level does not reach a
reference value. After charging the battery, the mobile robot
carries out 1ts own duties again.

According to the prior art, in order to cause the mobile
robot to automatically return to a chare station, a method has
been used, which randomly moving the mobile robot along
the wall surface of the area, and causing the mobile robot to
return to the chare station when an artificial mark attached to
the chare station 1s detected.

However, since such a method randomly moves the mobile
robot along a wall surface, time required for returning to a
chare station changes depending on areas in which the mobile
robot 1s located. Further, according to this method, when the
artificial mark attached to the chare station 1s detected late, the
operation of the mobile robot may be stopped due to the
consumption of the battery thereof.

According to another method for automatically causing a
mobile robot to return to a chare station, signal emission
means for emitting infrared rays or supersonic waves 1s
installed 1n the chare station, and the mobile robot 1s allowed
to return to the chare station when the infrared rays or super-
sonic waves emitted from the signal emission means are
detected.
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However, the conventional mobile robot can calculate only
direction information of a charge station but cannot calculate
distance information to the charge station from a signal emut-
ted from the charge station. Accordingly, 1t 1s difficult to
modily a charge station return path until the mobile robot
mechanically or electrically contacts with the charge station.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of the present invention to
provide a mobile robot charge station return system, which
may etlectively return a mobile robot to a charge station by
calculating direction information and position information of
a charge station from charge station position guidance sig-
nals.

In accordance with the present invention, there 1s provided
mobile robot charge station return system comprising: a
charge station for transmitting charge station position guid-
ance signals to different areas 1n such a way that different
emitting distances of the charge station position guidance
signals change according to a predetermined time period; and
a mobile robot for recerving the charge station position guid-
ance signals, calculating direction and distance information,
and returning to the charge station according to the calculated
direction and distance information.

The mobile robot charge station return system of the
present invention transmits charge station position guidance
signals to different areas 1n such a way that different emitting
distances of the charge station position guidance signals
change according to a predetermined time period. This causes
an exact distance and direction between the charge station and
the mobile robot to be calculated from the charge station
position guidance signals that allows the mobile robot to be
returned to the mobile robot within a shorter time.

BRIEF DESCRIPTION OF THE DRAWINGS

The above aspects and features of the present invention will
be more apparent by describing certain embodiments of the
present invention with reference to the accompanying draw-
ings, in which:

FIG. 1 1s a view schematically showing a mobile robot
charge station return system according to the present mven-
tion;

FIG. 2 1s a block diagram schematically showing a con-
struction of the charge station shown 1n FIG. 1;

FIGS. 3a and 3) are circuitry diagrams schematically
showing a drive power control circuit shown 1n FIG. 2;

FIG. 4 1s ttiming chart of the charge station position guid-
ance signal by emitting distances, which 1s transmitted by the
guidance signal transmitter;

FIG. 5 1s a block diagram schematically showing a con-
figuration of a cleaning robot, which 1s a mobile robot shown
in FIG. 1; and

FIG. 6 1s a timing chart illustrating a procedure for calcu-
lating distance information between the mobile robot and the
charge station by a distance calculator shown 1n FIG. 5.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present 1invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which embodiments of the invention are shown.

FIG. 1 1s a view schematically showing a mobile robot
charge station return system according to the present mnven-
tion. As shown, the mobile robot charge station return system
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according to the present invention includes a charge station
100 and a mobile robot 200. The charge station 100 transmats
charge station position guidance signals to different areas 1n
such a way that different transmitting distances of the charge
station position guidance signals change according to a pre-
determined time period. The mobile robot 200 receives
charge station position guidance signal, calculates direct and
distance information of the charge station, and returns to the
charge station 100 according to the calculated direct and
distance information of the charge station.

The charge station 100 supplies power necessary to drive
the mobile robot 200 to charge the battery of the mobile robot
200. That 1s, 1if the mobile robot 200 detects the battery level
while carrying out 1ts duties and determines that it 15 neces-
sary to charge the battery thereof, the mobile robot 200
returns to the charge station 100 according to a charge station
return algorithm using the receirved charge station position
guide signals. If the mobile robot 200 1s docked according to
a charge station return algorithm, the charge station 100 sup-
plies power to charge the battery of the mobile robot 200. IT
the charge 1s completed, the mobile robot 200 leaves the
charge station 100 and carries out its own duties again.

A construction of the charge station 100 will be described
with reference to FIG. 2 in detail. FIG. 2 1s a block diagram
schematically showing a construction of the charge station
shown 1n FIG. 1. As shown, the charge station 100 includes a
docking sensing means 110, a power terminal 120, a power
supply 130, and a display means 140. The docking sensing
means 110 senses a docking or non-docking of the mobile
robot 200. The power terminal 120 charges a battery of the
docked mobile robot 200. The power supply 130 converts and
supplies a common alternating current power nto a direct
current voltage, which 1s necessary to drive the charge station
100 and to charge a battery of the mobile robot 200. The
display means 140 displays a charged state of the mobile
robot 100. Since a basic construction of the charge station 100
1s known 1n the art, a detailed description 1s omitted.

The charge station 100 1s installed at a predetermined posi-
tion of an area that the mobile robot 200 carries out 1ts own
duties. The charge station 100 further includes a guidance
signal transmitter 150 and a controller 160 besides a basic
construction of the charge station 100. The guidance signal
transmitter 150 includes a plurality of infrared light emitting,
sections 151 and a drive power control circuit 152. The plu-
rality of infrared light emitting sections 131 are formed at a
front of the charge station 100 to be spaced apart {from each
other, and transmit charge station position guidance signals to
different areas 1n such a manner that different transmitting
distances of the charge station position guidance signals
change according to an amplitude of a drive power. The drive
power control circuit 152 adjusts the amplitude of a drive
power applied to the infrared light emitting sections 151. The
controller 160 controls a total operation of the charge station
100, and outputs a control signal to control the amplitude of a
drive power with a predetermined period.

For example, each of the infrared light emitting sections
151 can be embodied by an infrared light emitting diode.
Each infrared light emitting section 151 outputs charge sta-
tion position guidance signals having different transmitting,
distances according to the amplitude of an electric current
applied to a drive power control circuit 152, which 1s selec-
tively connected by the controller 160.

The drive power control circuit 152 i1s electrically con-
nected to the infrared light emitting sections 151. The drive
power control circuit 152 adjusts an electric current of a drive
power applied from the power supply 130 according to the
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control signal of the controller 160, and applies the adjusted
clectric current thereot to the infrared light emitting sections
151.

The following 1s a detailed description of the drive power
control circuit 152 by reference to FIGS. 3a and 3b. FIGS. 3a
and 3b are circuitry diagrams schematically showing a drive
power control circuit shown 1n FIG. 2. FIG. 3a shows a drive
power control circuit of a charge station having a transmaitting,
distance of two stages. F1G. 35 shows a drive power control

circuit of a charge station having a transmitting distance of
three stages.

As shown, the drive power control circuit 152 includes an
infrared light emitting diode D, first resistors R, R;, R.,
second resistor R, and a transistor Q,, Q,, or Q5. The infrared
light emitting diode D 1s connected to the power supply 130 1n
a forward direction. The first resistors R, R;, R, are con-
nected to one terminal of the infrared light emitting diode D.
One terminal of the second resistors R, 1s connected to an
output terminal of the controller 160. A collector of the tran-
sistor Q,, Q,, or Q; 1s connected to another terminal of the
first resistor R, R;, or R, an emitter thereof 1s connected to
a ground, and a base thereotf 1s connected to another terminal
of the second resistor R,.

At least two drive power control circuits 152 are connected
to one 1nfrared light emitting diode D 1n parallel. The second
resistors R, connected to bases of the transistors Q,, Q,, Q;
have the same resistance, and are connected to a terminal such

as a GPIO of the controller 160.

On the other hand, the firstresistors R, R, R, connected to
collectors of the transistors Q,, Q,, Q, have different resis-
tances. The first resistors R1, R3, R4 included in respective
circuits, determine the amplitude of an electric current tlow-
ing through the drive power control circuit 152. The smaller a
resistance of the first resistor 1s, the greater an electric current
flows to the infrared light emitting diode D.

An operation of the drive power control circuit 152 will be
explained with reference to FIG. 3a. The controller 160 out-
puts a control signal to drive the transistor Q,, Q,, every
predetermined time period through GPIO terminals con-
nected to a first drive power control circuit and a second drive
power control circuit.

For example, when the controller 160 outputs a control
signal to a GPIO terminal connected to the first drive power
control circuit, a first transistor QQ, of the first drive power
control circuit 1s driven, and an electric current supplied from
the power supply 130 1s introduced into the infrared light
emitting diode D, a first resistor R, and the first transistor ), .

Moreover, when the controller 160 outputs a control signal
to a GPIO terminal connected to the second drive power
control circuit, a second transistor (Q, of the second drive
power control circuit 1s driven, and an electric current sup-
plied from the power supply 130 1s introduced 1nto the inira-
red light emitting diode D, a third resistor R, and the second
transistor Q.

The first and third resistors R, and R connected to the first
and second drive power controllers determines the ampli-
tudes of electric currents flowing through the plurality of
drive power control circuits 152. The smaller the resistance 1s,
the greater the electric current flows to the infrared light
emitting diode D. For example, aresistance of the firstresistor
R, 1n the first drive power control circuit 1s 10€2, and a resis-
tance of the third resistor R4 1n the second drive power control
circuit 1s 20€2. When a predetermined voltage VCC from the
power supply 130 1s applied to the drive power control cir-
cuits 152, an amount of an electric current flowing through the
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first drive power control circuit 1s 1 A, and an amount of an
clectric current flowing through the second drive power con-
trol circuit 1s 0.5 A.

A transmitting distance of a guidance signal transmitted
through the infrared light emitting diode D 1s proportioned to
an amount of the electric current flowing thereto. Accord-
ingly, a case of supplying a power through the first drive
power control circuit 1s shorter 1n the transmitting distance as
compared with a case of supplying a power through the sec-
ond drive power control circuit. Further, the guidance signal
transmitter 150 may transmit guidance signals having a trans-
mitting distance of two stages.

As shown 1n FIG. 3b, by connecting the drive power con-
trol circuits 152 to each 1n parallel, the guidance signal trans-
mitter 150 can transmit charge station position guidance sig-
nals of transmitting distance having a wide variety.

For example, the controller 160 may include a micropro-
cessor, a memory, and a micro controller. The microprocessor
serves operations. The memory stores operation results and
an operating program for driving the charge station 100. The
micro controller includes circuits such as a pulse generator
tor providing clock pulses to drive the microprocessor, which
1s embodied 1 one chip. The controller 160 having a con-
struction mentioned above sequentially output a control sig-
nal to the drive power control circuit with predetermined time
periods.

The timing of the charge station position guidance signal
by emitting distances, which 1s outputted from the inirared
light emitting section 151 under a control of the controller 160
1s shown in FI1G. 4. FIG. 4 1s ttiming chart of the charge station
position guidance signals by emitting distances, which 1s
transmitted by the guidance signal transmutter.

As shown, the guidance signal transmitter 150 outputs
charge station position guidance signals having different
transmitting distances according to a control signal of the
controller 160. The mobile robot 200 receives the charge
station position guidance signals from the guidance signal
transmitter 150, and calculates a direction and a distance of
the charge station 100. Namely, in FIG. 4, D represents a
signal to transmit a near distance signal having a shorter
transmitting distance, E represents a signal to transmit a long-
distance signal having a longer transmitting distance.

The mobile robot 200 performs its duty while moving to a
defined zone according to a mounted program. There 1s a
cleaning robot 200 as a typical example of a common mobile
robot. The cleaning robot 200 1s a mobile robot 200, which
freely travels a fixed zone to suck dust or dirt.

The mobile robot 200 will be now be described by referring
to FIG. 4, based on the cleaning robot 200 being an example
of the mobile robot 200.

FIG. 5 1s a block diagram schematically showing a con-
figuration of a cleaning robot, which 1s a mobile robot shown
in FIG. 1. The cleaning robot 200 include a dust sensor (not
shown), a sucking means 210, a dust recerving means 220, a
traveling means 230, a battery 240, a battery sensing circuit
250, and a memory 260. The dust sensor senses dust or dirt 1n
a cleaning zone. The sucking means 210 sucks and collects
the dust or dirt sensed by the dust sensor. The recerving means
220 recerves the dust or dirt sucked and collected by the
sucking means 210. The traveling means 230 travels the
cleaning robot 200. The battery 240 supplies a drive power to
the sucking means 210 and the traveling means 230. The
battery sensing circuit 250 senses a residual amount of the
battery 240 every predetermined time period and outputs a
battery charge request signal when the residual amount of the
battery 240 1s equal to or less than a reference value. The
memory 260 stores a drive program of the cleaning robot 200,
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6

and direction and distance information of the charge station
100 calculated from the charge station position guidance
signals.

The cleaning robot 200 includes a signal receiver 270 and
a microcomputer. The signal recerver 270 recerves the charge
station position guidance signals outputted from the guidance
signal transmitter 150. The microcomputer controls a total
operation of the cleaning robot 200, calculates direction and
distance information of the charge station 100 using the
charge station position guidance signals from the signal
receiver 270, and outputs a control signal to a traveling means
230 to return the cleaning robot 100 to the charge station 100.

Among the construction of the cleaning robot 200, the
sucking means 210, the dust recerving means 220, the battery
204, and the battery sensing circuit 250 are well known 1n the
art, a detailed explanation thereof 1s omitted. For example, the
memory 260 may be constructed by a non-volatile memory
device such as EEPROM or flash memory, and stores an
operating program for driving the cleaning robot. Further, the
memory 260 stores direction and position information of the
charging section 100 calculated using the charging section
position guide signal emitted from the charging section 100.
The microcomputer accesses the operating program and the
position information of the charging station 100.

For example, the signal receiver 270 can be embodied by
an infrared light recerving section, which receives charge
station position guidance signals such as an infrared light
signal transmitted from the charge station 100, and outputs
the recerved charge station position guidance signals to the
controller 160.

The traveling means 230 drives right and left wheel motors
231 and 232 to travel the cleaning robot 200 according to a
control signal outputted from the microcomputer. The right
and left wheel motors 231 and 232 of the traveling means 230
are connected to right and left wheels to travel the cleaning
robot 200. Accordingly, the cleaming robot 200 travels front
and back, and right and left according to rotating speed and
direction of the right and left wheel motors 231 and 232.

The microcomputer includes a traveling control section
281, a direction calculator 282, a distance calculator 283, and
a charge station return processor 284. The traveling control
section 281 controls a total operation of the cleaning robot
200. The direction calculator 282 calculates direction infor-
mation of the charge station 100 based on the charge station
position guidance signals outputted from the signal receiver
2770. The distance calculator 283 calculates distance informa-
tion between the cleaning robot 200 and the charge station
100 based on the charge station position guidance signals
having different transmitting distances. The charge station
return processor 284 outputs a control signal to the traveling
control section 281 using the direction and distance informa-
tion of the charge station 100 so that the cleaning robot 200
returns to the charge station 100.

The traveling control section 281 controls the traveling
means 230 according to a control command of the operating
program 1n the cleaning robot 200.

The direction calculator 282 analyzes frequencies of the
charging section position signals received by the signal
receiver 270, judges which direction the cleaning robot 200
positions round the charging section 100 based on the ana-
lyzed result, and outputs the judgment result to the charging
station return processor 284.

As mentioned above, the charging section 100 1includes a
plurality of infrared light emitting sections, which transmit
the charge station position guidance signals having different
frequencies to respective areas. For example, as shown 1n

FIG. 1, an infrared light having a frequency of 400 Hz 1s
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emitted to a right area round the charging section 100, an
inirared light having a frequency of 300 Hz 1s emitted to a left
area round the charging section 100, and the two inifrared
lights are emitted to a center area of the charging section 100
to overlap with each other.

The direction calculator 282 analyzes frequencies of the
charging section position signals received by the signal
receiver 270, judges which direction the cleaming robot 200
positions round the charging section 100 based on the ana-
lyzed result, and outputs the judgment result to the charging
station return processor 284.

That 1s, when the direction calculator 282 receives an infra-
red light signal having a frequency ot 400 Hz, 1t informs the
charging station return processor 284 that the cleaning robot
200 1s currently positioned at a right area round the charging
station 100.

Further, when the direction calculator 282 receives an
inirared light signal having a frequency of 300 Hz, it informs
the charging station return processor 284 that the cleaming
robot 200 1s currently positioned at a left area round the
charging station 100.

On the other hand, the distance calculator 283 calculates a
distance between the cleaning robot 200 and the charge sta-
tion 100 based on a plurality of charge station position guid-
ance signals having different emitting distances according to
a predetermined time period, which are transmitted from the
guidance signal transmitter 150.

As described above, respective intfrared light emitting sec-
tions 151 included in the charge station 100 outputs the
charge station position guide signals to different transmitting
distances, which are infrared light signals having predeter-
mined frequency according to the amplitude of an applied
drive power. For example, the infrared light emitting sections
151 repeat to transmit the charge station position guidance
signals having different transmitting distances with a prede-
termined time period in such a way that they output a first
charge station position guidance signal to a transmitting dis-
tance of 1M during a first time period and a second charge
station position guidance signal to a transmitting distance of
2M during a second time period.

Accordingly, the distance calculator 283 calculates a dis-
tance between the cleaning robot 200 and the charge station
100 based on reception or non-reception of the first and sec-
ond charge station position guidance signals, and outputs the
calculated result to the charge station return processor 284.

A procedure of calculating distance information by the
distance calculator 283 will be described with reference to
FIG. 6. FIG. 6 1s a timing chart illustrating a procedure for
calculating distance information between the mobile robot
and the charge station by a distance calculator shown 1n FIG.
5. As shown, the charge station 100 outputs the charge station
position guidance signals at predetermined time intervals.
Namely, in FIG. 6, D represents a transmitting timing of a
charge station position guidance signal having a near trans-
mitting distance, and E represents a transmitting timing of a
charge station position guidance signal having a longer trans-
mitting distance.

When the signal receiver 270 of the cleaning robot 200
receives the charge station position guidance signals from the
charge station 100, 1t outputs a signal F or a signal G corre-
sponding to the reception time of the charge station position
guidance signals to the distance calculator 283.

For example, when a signal 1s recerved during a time period
from the time t0 to the time t1, and the charge station position
guidance signal (signal F) 1s followed without delay during a
time period from the time t1 to the time t2, that 1s, when both
of a transmitting signal of near distance and a transmitting
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signal of longer distance are received, the distance calculator
283 informs the charge station return processor 284 that the
cleaning robot 200 1s positioned at a zone (zone a, b, or ¢ of
FIG. 1) capable of docking with the charge station 100.

On the other hand, when the signal 1s not received during a
time period from the time t0 to the time t1, but the charge
station position guidance signal 1s recerved during a time
period from the time t1 to the time 12, namely, when only a
transmitting signal of longer distance (signal () 1s recerved,
the distance calculator 283 informs the charge station return
processor 284 that the cleaming robot 200 1s positioned at a
zone (zone A, B, or C of FIG. 1) away from the charge station
100.

In other words, when both of near and longer distance
guidance signals are received, the distance calculator 283
judges that the cleaning robot 200 1s positioned at a zone
capable of docking with the charge station 100. In contrast to
this, when only one of near and longer distance guidance
signals are recerved, the distance calculator 283 judges that
the cleaning robot 200 1s positioned at a zone away from the
charge station 100.

The charge station return processor 284 outputs a control
signal to drive the signal receiver 270 1n response to a battery
charge request outputted from the battery sensing circuit 250.
Further, the charge station return processor 284 receives and
stores direction and distance information outputted from the
direction calculator 282 and the distance calculator 283 1n the
memory 260. In addition, the charge station return processor
284 outputs a control signal to the traveling control section
281 to travel the cleaning robot 200 to a corresponding direc-
tion.

When the cleaning robot 200 1s positioned at a zone
capable of docking with the charge station 100, the charge
station return processor 284 outputs a control signal to the
traveling control section 281 according to a docking algo-
rithm of an operating program stored 1n the memory 269 so
that the cleaning robot 200 returns to the chare station 100.
Because the aforementioned docking algorithm i1s well
known, a detailed description thereof 1s omitted.

The following 1s a description of a procedure of returning,
the mobile robot to the charge station according to the present
invention. When a user inputs a drive command 1n the mobile
robot 200, the mobile robot 200 travels a fixed zone and
performs 1ts duty according to an operating program.

The battery sensing circuit 250 tests a power of a battery
every time period while performing its duty, and outputs a
battery charge request signal to the charge state return pro-
cessor 284 when a residual amount of the battery 1s less than
or equal to a predetermined reference value.

The charge station return processor 284 outputs a control
signal to drive the signal recerver 270 according to a battery
charge request, and the signal receiver 270 recerves a charge
station position guidance signal from the charge station 100.
When the charge station position guidance signal 1s not
received, the charge station return processor 284 outputs a
control signal to the traveling control section 281 to move the
mobile robot 200 to a zone capable of receiving the charge
station position guidance signals, thereby randomly traveling
the mobile robot 200 according to a predetermined traveling
algorithm.

When the signal recerver 270 receives the charge station
position guidance signals, it outputs the charge station posi-
tion guidance signals to the direction calculator 282 and the
distance calculator 283. The direction calculator 282 analyzes
frequencies of the charging section position signals recerved
by the signal receiver 270, judges which direction the clean-
ing robot 200 positions round the charging section 100 based




US 7,615,957 B2

9

on the analyzed result, and outputs the judgment result to the
charging station return processor 284.

Further, when both of near and longer distance guidance
signals are received, the distance calculator 283 judges that

the cleaning robot 200 1s positioned at a zone capable of 5

docking with the charge station 100. In contrast to this, when
only one of near and longer distance guidance signals are
received, the distance calculator 283 judges that the cleaning
robot 200 1s positioned at a zone away from the charge station
100 and outputs the judged result to the charge station return
processor 284.

The charge station return processor 284 receives and stores
direction and distance information outputted from the direc-
tion calculator 282 and the distance calculator 283 in the
memory 260. In addition, the charge station return processor
284 outputs a control signal to the traveling control section
281 to travel the cleaning robot 200 to a corresponding direc-
tion.

In addition, when the mobile robot 200 1s positioned at a
zone capable of docking with the charge station 100, the
charge station return processor 284 outputs a control signal to
the traveling control section 281 so that the mobile robot 200
docks with the charge station 100 according to a docking
algorithm of an operating program stored in the memory 260.

As 1s seen from the forgoing description, the mobile robot
charge station return system of the present mvention trans-
mits charge station position guidance signals to different
areas 1n such a way that different emitting distances of the
charge station position guidance signals change according to
a predetermined time period. This causes an exact distance
and direction between the charge station and the mobile robot
to be calculated from the charge station position guidance
signals that allows the mobile robot to be returned to the
mobile robot within a shorter time.

In addition, since only a circuit using resistors and transis-
tors adjusts the amplitude of a power to control a transmitting,
distance of a charge station position guide signal, a single
circuit arrangement can effectively return the mobile robot to
the charge station.

The foregoing embodiment and advantages are merely
exemplary and are not to be construed as limiting the present
invention. The present teaching can be readily applied to
other types of apparatuses. Also, the description of the
embodiments of the present invention 1s intended to be 1llus-
trative, and not to limit the scope of the claims, and many
alternatives, modifications, and variations will be apparent to
those skilled 1n the art.

What 1s claimed 1s:
1. A mobile robot charge station return system comprising:

a charge station for transmitting charge station position
guidance signals to different areas in such a way that
different emitting distances of the charge station posi-
tion guidance signals change according to a predeter-
mined time period; and

a mobile robot for receiving the charge station position
guidance signals, calculating direction and distance
information, and returning to the charge station accord-
ing to the calculated direction and distance information,

wherein the charge station includes:

a guidance signal transmitter including a plurality of inira-
red light emitting sections formed at a front of the charge
station for transmitting the charge station position guid-
ance signals to diflerent areas, and a drive power control
circuit for adjusting an amplitude of a drive power
applied to the infrared light emitting sections; and
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a controller for outputting a control signal to control the
amplitude of the drive power with a predetermined
period, and

wherein the drive power control circuit includes:

first resistors connected to one terminal of the infrared light
emitting sections, which 1s connected to a power supply
in a forward direction;

second resistors having one terminal connected to an out-
put terminal of the controller; and

a transistor having a collector, an emitter and a base, the
collector connected to another terminal of the first resis-
tor, the emitter connected to a ground, and the base
connected to another terminal of the second resistor.

2. The mobile robot charge station return system as claimed
in claim 1, wherein at least two drive power control circuits
are connected to the infrared light emitting section, and the
first resistors connected to the infrared light emitting section
having different resistances.

3. The mobile robot charge station return system as claimed
in claim 2, wherein the smaller a resistance of the first resistor
1s, the farther the charge station position guide signal 1s trans-
mitted.

4. The mobile robot charge station return system as claimed
in claim 1, wherein the mobile robot includes:

a traveling means for traveling the mobile robot;

a signal receiver for receiving the charge station position

guidance signals outputted from the charge station; and

a microcomputer for calculating direction and distance
information of the charge station using the charge station
position guidance signals from the signal recerver, and
for outputting a control signal to a traveling means to
return the mobile robot to the charge station.

5. The mobile robot charge station return system as claimed

in claim 4, wherein the microcomputer includes:

a traveling control section for controlling a drive of the
traveling means;

a direction calculator for calculating direction information
of the charge station based on the charge station position
guidance signals outputted from the signal receiver; a
distance calculator for calculating distance information
between the mobile robot and the charge station based
on the charge station position guidance signals;

a charge station return processor for outputting a control
signal to the traveling control section using the direction
and distance information of the charge station so that the
mobile robot returns to the charge station.

6. The mobile robot charge station return system as claimed
in claim 5, wherein the direction calculator analyzes frequen-
cies of the charging section position signals received by the
signal recerver and judges the position of the cleaning robot
relative to the charging section based on the analyzed result.

7. The mobile robot charge station return system as claimed
in claim 5, wherein the distance calculator calculates a dis-
tance between the mobile robot and the charge station accord-
ing to reception or non-reception of the charge station posi-
tion guidance signals having different emitting distances.

8. The mobile robot charge station return system as claimed
in claim 5, wherein the charge station return processor out-
puts a control signal to drive a signal receiver for receiving the
charge station position guidance signals according to a bat-
tery charge request.

9. The mobile robot charge station return system as claimed
in claim 1, wherein the mobile robot 1s a cleaning robot.

10. A mobile robot charge station return system compris-
ng:

a charge station for outputting charge station position guid-

ance signals having different transmitting distances by
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adjusting an amplitude of a drive power applied to a
plurality of infrared light emitting sections for transmit-
ting charge station position guidance signals having dif-
ferent frequencies; and

a mobile robot for calculating direction information of the 5
charge station using the frequencies of the charge station
position guidance signals, calculating distance informa-
tion with the charge station according to reception or
non-reception of the charge station position guidance
signals having different transmitting distances, and 10
returning to the charge station according to the calcu-
lated direction and distance information,

wherein the charge station includes:

a drive power control circuit for controlling an amplitude of
a drive power applied to the infrared light emitting sec- 15
tions,

the drive power control circuit including;:

first resistors connected to one terminal of the infrared light
emitting sections, which 1s connected to a power supply

12

a transistor having a collector, an emitter and a base, the
collector connected to another terminal of the first resis-
tor, the emitter connected to a ground, and the base
connected to another terminal of the second resistor.

11. The mobile robot charge station return system as
claimed in claim 10, wherein at least two drive power control
circuits are connected to the iirared light emitting section,
and the first resistors connected to the infrared light emitting
section having different resistances.

12. The mobile robot charge station return system as
claimed 1n claim 11, wherein the smaller a resistance of the
first resistor 1s, the farther the charge station position guide
signal 1s transmitted.

13. The mobile robot charge station return system as
claimed 1n claim 10, wherein the mobile robot receives the
charge station position guidance signals and calculates direc-
tion and distance information of the charge station.

14. The mobile robot charge station return system as
claimed in claim 10, wherein the mobile robot 1s a cleaning

1n a forward direction; 20 robot.

second resistors having one terminal connected to an out-
put terminal of the controller; and
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